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I. VITREORETINAL SURGERY

During vitreoretinal surgery, the surgeon performs procedures
at the retina which acquire extreme precision. For some
diseases, the most appropriate treatment is even too difficult
to be performed manually and alternative but less effective
treatments need to be applied. One of those diseases is called
Retinal Vein Occlusion (RVO). Retinal Vein Occlusion is an
eye condition which affects an estimated 16.4 million adults
worldwide [1]. The disease occurs when a clot is formed in a
retinal vein. This causes the patient to slowly lose his/her sight.
Fig. 1 shows a healthy retina on the left and a retina suffering
from RVO on the right. Today, there is no proven effective

Fig. 1. Retinal Vein Occlusion (RVO): when a retinal vein gets blocked,
the circulation of blood through the affected vein is reduced or stopped. The
blockage causes the walls of the vein to leak blood and excess fluid into the
retina. When the fluid collects in the macula (the area of the retina responsible
for central vision), vision becomes blurry.

Left: healthy retina. Right: retina with RVO.

treatment available for this disease [2]. A promising treatment
is retinal vein cannulation. During this procedure the surgeon
inserts a needle through the sclera and injects a small dose
of t-PA, a clot-dissolving agent, directly into the blocked vein
[3]. Fig. 2 conceptually demonstrates this procedure. Several
research groups report successful cannulations in animal and
human models. However, due to safety issues, the procedure is
not performed clinically today. The needle needs to be inserted
in a vein with a diameter smaller than 500 pm and kept
there for several minutes for the fluid to be fully injected [4].
Unintended movements make it extremely difficult to insert
and maintain the needle into the vein. They can cause serious
damage to the retina during this procedure. Two relevant types
of unintended movements can be distinguished. Firstly, the
human suffers from physiological tremor. Hand vibrations with
an rms amplitude of 182 um during vitreoretinal procedures

Fig. 2. Retinal Vein Cannulation: a hollow needle is inserted through the
sclera and used to inject a clot-dissolving agent directly into the affected vein
to remove the blockage causing RVO.

have been reported [5]. Secondly, the eye tends to rotate
during the procedure due to the lateral forces applied by the
instrument on the incision point. These rotations cause the
retina to move which makes the surgeon to aim at a dynamic
target.

II. ROBOT-ASSISTED RETINAL CANNULATIONS

Abovementioned problems can be overcome by attaching the
instrument to a surgical manipulator that assists the surgeon
during the procedure. The manipulator can hold the eye
stationary during the procedure by virtue of a Remote Center
of Motion (RCM) incorporated in the manipulator. An RCM
is a geometric point at a fixed location about which the
instrument can pivot and translate through without a physical
joint being present at this location [6]. When this RCM is made
to coincide with the incision point in the sclera, the degrees of
freedom (DOFs) of the instrument will be restricted to three
rotations ©, ® and ¥ around the RCM and a translation R
through the RCM as shown in Fig. 3. In this way, the eye and
thus the retina are stabilized such that aiming at the blocked
vein becomes easier.

Several surgical manipulators for vitreoretinal surgery have
been reported [7]-[12]. Most of those, using a mechanism to
implement the RCM, fail to keep the end-effector compact
enough due to the kinematics of these mechanisms. This is
problematic because of the very confined workspace typically
for vitreoretinal surgery. The operating scene is populated by
the patient, the surgeon and the microscope that the surgeon



Fig. 3. Vitreoretinal surgeons only need 4 DOFs to manoeuvre the instrument
in the eye: three rotations ©, & and ¥ around the incision point and a
translation R through the incision point. The remaining DOFs, which cause
unintended eye rotations, can be blocked by aligning the RCM of the surgical
manipulator with the incision point.

uses to navigate the instruments inside the patient’s eye. To
overcome these space limitations, an innovative RCM mecha-
nism is incorporated in the surgical manipulator allowing a
compact construction of the manipulators end-effector (see
Fig. 4).
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Fig. 4. The surgical manipulator relies on a novel RCM mechanism which
implements the translational DOF of the instrument at the base of the
mechanism instead of implementing it at the end-effector. In this way the
end-effector is held very compact which is particularly interesting for retinal
surgery where the instrument needs to be manoeuvred in a highly confined
space.

The surgeon can choose to co-operatively move the instrument
by gripping and manipulating the instrument directly (coma-
nipulation strategy) or to control the movements of the surgical
manipulator indirectly using a joystick (teleoperation strategy).
For this purpose, the surgical manipulator is actuated in all
its DOFs. When using the comanipulation strategy, virtual
damping is implemented in the surgical manipulator to filter
out the unintended hand vibrations. This damping also slows

down the intended movements facilitating a slow and precise
approach of the vein. When using the teleoperation strategy,
motion scaling is used to scale down the hand vibrations and
to slow down the intended hand movements. For this purpose
a 4 DOF haptic joystick was developed (see Fig. 5). The DOFs
of this joystick correspond to those shown on Fig. 3. Because
of the haptic property of the joystick, scaled force feedback
of the interaction forces between the instrument and the retina
is possible. In this way, the surgeon is able to feel forces
which are normally to small for humans to perceive. This
feature will be implemented in the near future using a force
sensor integrated in the surgical instrument. Currently, we are
testing both the comanipulation and the teleoperation system
to determine which technique is the most appropriate one for
robotic vitreoretinal surgery.

Fig. 5. The kinematical design of the joystick is such that its DOFs correspond
to those used during vitreoretinal surgery. The movements of the joystick
handle are mapped on the movements of the needle rather than on the
movements of the instrument handle. In this way motion inversion between
the movements of the surgeon and the instrument, which is typical for this
kind of surgery, is eliminated.
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